BACKgrounD: Necrotizing enterocolitis (NEC) is the most common gastrointestinal disease in neonatal intensive care units. Although the pathogenesis of NEC remains unclear, evidence suggests that infections, especially bacterial infections, may play an important role. Viral infections may also result in NEC. Several outbreaks of NEC associated with rotaviruses have been described previously. oBJECTIvE: To investigate the association between rotavirus (RV) and serum interleukin (IL)-6 and IL-8 levels in infants with NEC. METHoDS: RV infections were prospectively studied using antigen detection in the stools of 31 infants with NEC. Additionally, serum levels of IL-6, IL-8 and tumour necrosis factor-alpha were tested using micro-ELISA at 0 h and 48 h after diagnosis of NEC. rESulTS: Fecal specimens from 13 infants were positive, while fecal specimens from 18 infants were negative for RV according to antigen detection (RV+ and RV− groups, respectively). The mortality rate and the severity of NEC were not significantly different between the RV+ and RV− groups. IL-6 levels at 0 h and 48 h after diagnosis of NEC in RV+ infants were lower compared with RV− infants, while IL-8 levels were greater at 0 h and 48 h after diagnosis of NEC in RV+ infants compared with RV− infants. ConCluSIon: A high prevalence of RV infection in neonates with NEC was found. Decreased IL-6 levels and increased IL-8 and tumour necrosis factor-alpha levels in RV+ neonates with NEC suggests a role for RV in NEC. 
N ecrotizing enterocolitis (NEC) is a disease that predominantly affects premature infants. It is the most common gastrointestinal disease in neonatal intensive care units (NICUs) . Although the pathogenesis of NEC remains unclear, infections by bacteria and viruses may play an important causative role (1) (2) (3) (4) .
Several outbreaks of NEC associated with rotaviruses have been described previously (5, 6) . Rotaviruses are found throughout the world and generally affect children younger than four years of age. Most rotavirus infections are community acquired, but some infections may be acquired at health care facilitites. There are some reports of rotavirus outbreaks in pediatric wards and neonatal units (7, 8) . Infections in neonates can be asymptomatic or mild and, therefore, may sometimes go undetected.
The pathophysiology of NEC has been difficult to ascertain, but accumulating evidence suggests that an imbalance between an activated proinflammatory response and an inadequate anti-inflammatory protective response results in the hallmark findings of intestinal necrosis and NEC. In clinical studies measuring systemic activation of the inflammatory response, samples from NEC patients showed elevated levels of various inflammatory mediators compared with gestational agematched controls (9) . Thrombocyte activating factor, tumour necrosis factor (TNF)-alpha and interleukins (ILs)(IL-1, IL-6, IL-8, IL-10, IL-12 and IL-18) are some of the inflammatory mediators that have a role in the pathogenesis of NEC (4) .
The aim of the present study was to investigate the prevalence of rotavirus infection and the potential role of specific ILs in the clinical progress of infants with NEC.
METHoDS
The present study was prospectively designed and included NICU patients seen between May 1, 2007 and November 30, 2009 . All patients with NEC (n=31) were included in the study. The study protocol was approved by the university's ethics committee.
NEC was staged according to the modified Bell's criteria (10) . A single radiologist examined all radiographs.
Infants with NEC and stool specimens positive for rotavirus antigen formed one group (NEC RV+) and infants with NEC without rotavirus antigen in their stool specimen (NEC RV−) formed the other group.
Demographic factors were also recorded, including route of delivery, birth weight, sex, Apgar scores 1 min and 5 min after delivery, and intrauterine growth patterns. Standard laboratory tests, including complete blood count, blood gas analysis, serum biochemistry original arTicle and blood cultures were performed. In addition, feeding patterns and therapeutic interventions were also examined.
Fecal specimens were collected in the first 24 h following diagnosis of NEC and tested for rotavirus according to the latex agglutination method (Omega, United Kingdom). Serum levels of IL-6, IL-8 and TNF-alpha were tested by micro-ELISA (Biosource Europa SA, Belgium) using the Grifols Triturus automation system (Grifols, Spain) at 0 h and 48 h following the diagnosis of NEC.
Thrombocytopenia was defined as a platelet count <100×10 9 /L, leukopenia was defined as a white blood cell count <5×10 9 /L and hyperkalemia was defined as a serum potassium level >6 mmol/L.
Statistical analysis was performed using SPSS version 17.0 (IBM Corporation, USA) for Windows (Microsoft Corporation, USA). NEC RV+ and NEC RV− infants were compared using the χ 2 test for dichotomous variables. Group comparisons of these variables were performed using the t test for normally distributed and the Mann-Whitney test for non-normally distributed variables. Variables found to be statistically significant in the univariate analysis were used in the multivariate logistic regression analysis; P≤0.05 was considered to be statistically significant.
rESulTS
Thirty-one infants (21 male, 10 female) were diagnosed with NEC. Demographic data including mode of delivery, sex, gestational age, birth weight, growth according to gestational age and duration of ventilatory support are shown in Table 1 .
According to the modified Bell's criteria for NEC staging, 11 (35.5%) of the infants were stage I, 17 (54.8%) were stage II and three (9.7%) were stage III. Twenty-four infants were on mechanical ventilatory support for a mean (± SD) duration of 13.5±16.1 days. Laboratory data are shown in Table 2 .
The fecal specimens for 13 (41.9%) of the infants were positive for rotavirus and formed the NEC RV+ group, while the fecal specimens for the remaining 18 (58.1%) infants were negative for rotavirus and formed the NEC RV− group. Due to the seasonal variation of rotavirus, six (46.2%) of the infants had infection in the spring and two (15.4%) had infection in the summer. Although the rate of infection in summer and spring was higher compared with winter and autumn, this was not statistically different (P=0.657). Rotavirus infection was higher in infants who were small for their gestational age (52.2%) compared with infants who were of appropriate size and wieght (12.5%) (P=0.037).
Six of 16 (37.5%) breastfed infants and five of 12 (41.6 %) formulafed infants were RV+. Rotavirus infection was lower in breastfed than in formula-fed infants but this difference was not statistically significant.
The duration of hospitalization was 49.3±29.9 days for NEC RV+ infants and 30±24.7 days in NEC RV− infants. Although rotavirus infection increased the duration of hospitalization, this difference was not statistically significant. Ten infants died (32.3%), three of whom were RV+ and seven of whom were RV−. The mortality rate was lower in RV+ infants, but this difference was not statistically significant (P=0.452). In the NEC RV+ group, 38.5% of infants were stage I, 53.8% of infants were stage II and 7.7% of infants were stage III. In the NEC RV− group, 33.3% of infants were stage I, 55.6% of infants were stage II and 11.1% of infants were stage three. The rate of stage II NEC was higher in both NEC RV+ and NEC RV− infants, but this was not statistically different.
IL-6, IL-8 and TNF-alpha levels at 0 h and 48 h after diagnosis of NEC are shown in Table 3 . IL-6 levels in NEC RV+ infants at 0 h and 48 h after diagnosis of NEC were lower than in NEC RV− infants (for 0 h P=0.609 and for 48 h P=0.017), but only the difference in levels after 48 h was statistically significant. IL-8 levels in NEC RV+ infants at 0 h and 48 h after diagnosis were higher than NEC RV− infants and the differences in levels were statistically significant (P=0.007 and P=0.004, respectively). TNF-alpha levels in NEC RV+ infants at 0 h and 48 h after diagnosis of NEC were slightly higher than NEC RV− infants. However, the differences in the levels of TNF-alpha were not statistically significant (P=0.352 and P=0.880, respectively).
DISCuSSIon
In the present study, the prevalence of rotavirus infection and its association with ILs in infants with NEC was evaluated. In the present study, stage II NEC was the most common and stage III was the least common. Sharma et al (11) reported that the majority of the infants with NEC were in stage II or III, according to the modified Bell's criteria.
Although newborn infants have an immature immune system, neonatal rotavirus infections and gastroenteritis are uncommon due to maternal antibodies and the protective effect of human milk; however, because premature infants lack these protective antibodies, they are at higher risk for rotavirus infections in neonatal wards. Most of our patients are premature infants. The role of rotavirus in the pathogenesis of NEC has not been established. Previous authors have suggested that a possible synergism between rotavirus and other microorganisms can worsen the infection in the intestine and cause NEC (12) . Nosocomial and community-acquired rotavirus gastroenteritis is frequent in winter and early spring. The present study found that the stool from infants with NEC was positive for the rotavirus antigen in 41.9% of cases. The presence of rotavirus in stool samples collected in spring and summer is higher than in stool samples collected in winter and autumn. This may be associated with the higher incidence of NEC in summer and spring in the present study.
In a retrospective analysis, Keller et al (13) compared NEC RV+ and NEC RV− patients reported that rotavirus infections were more common in mature infants. In contrast, in the present study, NEC RV+ was more common in premature infants, which may be related to the differences in the populations or the different methods used to detect rotavirus in stool. Brufau et al (14) reported that NEC RV+ was significantly more common in low-weight infants; this trend was also confirmed by the present study. Sharma et al (11) indicated that rotavirus infection does not increase the risk of developing advanced NEC. Of the 13 infants infected with rotavirus, 38.5% had Bell's stage I, 53.8% had Bell's stage II and 7.7% had Bell's stage III NEC . The percentage of patients in different NEC stages were similar in RV− and RV+ infants. However, the present study demonstrates that rotavirus infection lengthens hospital stay in infants with NEC.
Thrombocyte activating factor, TNF-alpha and ILs (IL-1, IL-6, IL-8, IL-10, IL-12 and IL-18) are believed to play a role in the pathogenesis of NEC. IL-6 is a sensitive marker (87% sensitivity, 93% to 100% negative predictive value) in the diagnosis of early neonatal sepsis following invasion of bacteria (14) . IL-6 levels are higher in infants with NEC and/or sepsis than in uninfected infants (15, 16) . Caplan et al (9) studied 12 infants with NEC and reported that IL-6 levels were 10 times higher in infants with sepsis and was a marker of mortality. Romagnoli et al (17) reported that IL-6, IL-10 and C-reactive protein levels were higher in infants with sepsis, pneumonia and NEC. The higher sensitivity of these cytokines exhibited at the beginning of an infection declines over time (89% at 0 h, 67% at 24 h and 58% at 48 h of infection) (17) .
In the present study, IL-6 levels were lower at 0 h and 48 h in NEC RV+ infants compared with NEC RV− infants. Due to the shorter half-life of IL-6, after 24 h of treatment IL-6 levels can decrease and could not be detected in the NEC RV+ infants. Alternatively, there may also be other causative microbial agents playing a role in NEC in NEC RV− infants.
Increased levels of IL-8 in infants with NEC and its relation to disease severity have been reported in many studies (15, 18) . Harris et al (16) compared infants with stage III NEC and imperforated anus with healthy controls and reported an increase in the levels of IL-6 and IL-8 in the NEC group. Xu et al (19) reported significantly elevated IL-8 and some other cytokine levels, detected by ELISA, in rotavirus-infected intestinal epithelial cells at 24 h to 48 h postinfection. The present study found that IL-8 levels in NEC RV+ infants at 0 h and 48 h of disease were statistically higher than in NEC RV− infants.
Elevated plasma TNF-alpha levels have been detected in infants with NEC. In addition, elevated IL-1, TNF-alpha as well as IL-6 levels have been found in the ascites fluid of neonates treated for NEC. At the tissue level, increased IL-1 and TNF-alpha messenger RNA levels have been detected in resected bowel specimens of infants with NEC. At the time of surgical reanastomosis, these cytokine levels were markedly decreased (20) . Also in the present study, TNF-alpha levels at 0 h and 48 h in NEC RV+ infants were higher than in NEC RV− infants.
Sharma et al (11) reported that pneumatosis intestinalis of varying severity was present in all NEC RV+ infants. This was not confirmed by our investigation. Of the seven infants with pneumatosis intestinalis, two (28.6%) had rotavirus infection. Rotavirus infection did not have any effect on the development of pneumotosis intestinalis. Of the 31 infants with NEC, 10 (32.3%) died and, of these 10, three had rotavirus in their stool specimen while seven did not.
The present study has some limitations. The genotypes of the rotavirus found in stool specimens of NEC+RV patients could have been determined. Also, all of the patients that were hospitalized during the study period could have had their stool specimens tested for rotavirus antigen.
ConCluSIon
The aim of the present study was to investigate the prevalence of rotavirus infection and the association of cytokines, such as IL-6, IL-8 and TNF-alpha, with rotavirus infection in neonates with NEC. We found a high rotavirus infection rate in neonates with NEC. In addition, decreased IL-6 levels and increased IL-8 and TNF-alpha levels in NEC RV+ infants indicate a possible role for rotavirus in NEC.
NEC is an important cause of neonatal mortality and morbidity. Prevention of rotavirus infections may not only decrease the incidence of NEC but may also decrease mortality and morbidity in the neonatal period.
To demonstrate whether NEC RV− is different from NEC RV+ and to confirm that rotavirus plays a role in the causation of NEC, more multicentre studies with larger sample sizes are necessary.
rEFErEnCES

